Abstract. The idea of the minimal supersymmertric standard model as a low energy effective theory from a supersymmetric version of the Nambu-Jona-Lasinio Model is revisited. As a starting point, we propose a new approach to supersymmetrize the Nambu-Jona-Lasinio Model. It is based on a holomorphic, dimension five, four chiral superfield operator in the superpotential. We illustrate the more appealing features in some aspects of the generic model as well as the particular one that gives the minimal supersymmetric standard model.
INTRODUCTION
The Nambu-Jona-Lasinio (NJL) model [1] is a classic model on dynamical symmetry breaking. A dimension-six operator of four-fermion interaction is used to induce the symmetry breaking. A bi-fermion configuration behaves as the composite effective Higgs multiplet the VEVs of which gives the symmetry breaking Dirac fermion mass. The possibility of the different mechanism for the EW symmetry breaking is a very interesting and inspiring option. However, the implementation of such a top-mode SM gives too large a top quark mass [2] . A SUSY version [3, 4] , however, looks phenomenologically viable [5] and removes a coupling fine-tunning problem. We introduce an alternative supersymmetrization of the NJL model with application also to the minimal supersymmetric standard model (MSSM) [6] , and discuss its main features.
The NJL model has a two fermion Lagrangian with a four-fermion interaction :
For large enough g 2 , it induces a bi-fermion scalar composite φ to be interpreted as the auxiliary field in the Lagrangian
Equation of motion for φ gives φ = −g/µψ +ψ− , showing the Lagrangian to be essentially the same as L ψ . The 1-loop effective potential for φ gives the gap equation with a nontrivial vacuum φ = 0. The Yukawa coupling in (2) hence gives rise to Dirac fermion mass, which may be understood from the original four-fermion operator as 
A similar direct supersymmetrization of the last expression of Lagrangian (2) gives
The latter is, however, not equivalent to the above Lagrangian. In fact, the crucial relation
given by the NJL model composite condition cannot be consistently supersymmetrized. There is also a minor difficulty from the fact that exact SUSY gives no nontrivial vacuum for the case. The standard approach [3] essentially 'supersymmetrizes' the Lagrangian term −µ 2 φ † φ to
while adding soft SUSY breaking masses for Φ + and Φ − . With the resulted Lagrangian, equation of motion for Φ 2 gives Φ 1 as a composite,
instead of the composite, is the Higgs superfield. In a way, Φ 1 and Φ 2 each takes up a different aspect of the supersymmetrized φ . Interestingly enough, our (holomorphic) alternative model has one superfield playing both the roles, hence resembles the original NJL model more closely in the aspect.
AN ALTERNATIVE SUPERSYMMETRIZATION -THE HOLOMORPHIC MODEL
From the discussion above, a natural question is could one have a supersymmetric NJL model with Lagrangian (4). Interaction terms in the latter are all holomorphic, inside the superpotential. If instead of the four-chiral-superfield interaction in (3), one takes a holomorphic four-chiral-superfield interaction as a superpotential term, we do have
giving the superpotential of (4) upon imposing the equation of motion
Note that the condition does give
as a SUSY version of the corresponding one in the original NJL model case. Our holomorphic model has obviously no four-fermion interaction, the dimension five four-chiral-superfield interaction however gives features in the low energy effective field theory closely resemble that of the NJL model. In particular, Dirac mass between Φ + and Φ − from nonzero Φ 0 or G 2 Φ + Φ − . Wavefunction renormalization for Φ 0 gives rise to low energy effective theory that is exactly the SUSY version of that of the NJL model. There is one Higgs (super)field arisen from a composite of two quark (super)fields through an interaction term involving four quark (super)fields, the VEV of which gives rise to Dirac mass between the quark (super)fields [6] . This is however somewhat too good to be true. However, the µ 2 Φ 2 0 term is admissible only for Φ 0 in the real representation of the model symmetry group, hence not applicable to EW symmetry breaking. We also know that the MSSM has to have two Higgs superfields, making the SUSY version with Φ 1 and Φ 2 looks like a natural candidate.
TOWARDS THE MSSM
In applying the NJL mechanism to low energy phenomenology, all earlier attempt focused only on the top quark. Only one Dirac fermion (super)field is required to implement the mechanism anyway. Most importantly, the mechanism gives the effective Yukawa coupling that will blow up at the background NJL model scale. The heavy mass of the top makes the natural candidate. To apply our holomorphic SNJL model to the MSSM, it is crucial to note that the Yukawa coupling for the bottom quark may be large, provided that we have a large tanβ . We take both of the third family quarks on the same footing and introduce the superpotential
The two Higgs superfields of the MSSM may then be introduced as auxiliary superfields to rewrite W , with the SU(2) and color indices suppressed, as
Note that the SUSY breaking parameter B gives both the standard A and B parameters. Contrary to the old model [3] , we have a symmetric role for H u and H d as both are quark superfield composites. The symmetric structure does not apply to the soft SUSY breaking sector. Different soft masses for the different superfields would be the original of the nontrivial tanβ value, hence hierarchy between top and bottom masses.
CONDENSATE STRUCTURE AND FINAL REMARKS
It is interesting to look at the vacuum condensate structure of our holomorphic SNJL model more carefully. The (non-SUSY) NJL model has
showing the mass generating role of the bi-fermion vacuum condensate ψ +ψ− . In the original SNJL model, this is promoted to
Note that one has F † 1 = −µA 2 , which is needed to see the Yukawa term structure. The Fterm VEV is exactly A † 
where we omit a √ µG F 0 A + A − term. The symmetry breaking VEV A 0 = − G/µ A + A − is hence a bi-scalar condensate. The superbi-fermion condensate F 0 may give only further SUSY breaking scalar mass. We discuss above the new SNJL model with holomorphic dimension-five interaction(s), and compare it with the old one with dimension-six term. We illustrate that the alternative does work as a dynamical symmetry breaking model, and in fact resembles more closely the original non-SUSY NJL model in some aspects. A model with two composite Higgs superfields may be used to give the MSSM in the large tanβ regime. In fact, other similar dimension-five terms may be included to give all the necessary MSSM Yukawa terms, though they do not take part in inducing the composite structure and the symmetry breaking. Moreover, such dimension-five terms are also the only choices to implement the Yukawa terms for the down-quark and charged lepton sectors in the old model with otherwise the dimension-six term for inducing the composite and symmetry breaking. The latter model hence has susy-top condensate giving up-sector quark masses but stop condensate giving the other fermion masses, while our holomorphic version has sbottom and stop condensates for the jobs respectively.
We are working on a renormalization group analysis for the MSSM to check phenomenological viability of our model scenario [6] . The key result is that there is a solution window for tanβ that can fits the experimental top and bottom quark masses with y t and y b blowing up at a scale Λ which can be as low as 10 TeV.
